The mobility of some heavy metals (Fe, Co, Ni and Mn) in soils around automobile waste dumpsites in Northern part of Niger Delta was assessed using Tessier et al. five syteps sequential chemical extraction procedure. The results showed that majority of iron and manganese were associated with the residual fraction with the average levels of 29.2% and 24.43% respectively. The exchangeable fraction was the most important fraction for cobalt with the average level of 39.53%, while the organic fraction contained the predominant species of nickel with an average level of 22.97%. For the total concentrations of the metals, iron ranging from (mgkg -1 ) 768.30 to 2897.00 was the highest followed by manganese ranging from 1.78 to 19.92 and then cobalt and nickel which ranged from 0.28 to 2.42 and 0.084 to 0.512 respectively. The mobility factors for the metals in all the sites ranged from 20.37 to 90.90 for cobalt, 15.83 to 62.07 for nickel, 25.50 to 60.43 for manganese and 16.49 to 32.13 for iron following the order Co>Ni>Mn>Fe. The relatively high mobility factors observed for cobalt in some sites coupled with its comparatively high concentration in the exchangeable fraction, indicates high mobility, lability and bioavailability for cobalt in the soils studied. The other metals (Fe, Ni and Mn) which are strongly bound to soil matrix are not readily availably for introduction into the food chain. The results suggest that there is no serious contamination hazard with the metals studied, considering the geochemical phases in which Fe, Ni and Mn were associated with, and the low total metal concentration of Co, even with its relatively high mobility. @JASEM
The behaviour and fate of metals are governed by a range of different physicochemical processes which dictate their availability and mobility in the soil or sediment system. The knowledge of the chemical forms of soluble heavy metals or of heavy metals associated with particulates or colloids is essential for estimating the bioavailability, mobility and chemical reactivity in soils and sediments (Hickey and Kittrick, 1984) . To assess the bioavailability of heavy metals, sequential extraction procedure consists of a series of chemical extractants, each being more drastic in action and of different nature than the previous one (Chaudhary and Banerjee, 2007) . Soil is relatively heterogeneous in terms of its physical chemical and biological characteristics, (Hakanson, 1992) . Heavy metals are associated with various soil components in different ways and these associations determine their mobility and availability (Ahumuda et al., 1999) .
In recent years there has been increased interest in the studies on speciation or chemical forms of heavy metals in polluted soils using sequential extraction techniques because these provide knowledge on metal affinity to soil components and the strength with which they are bound to matrix (Kotoky et al., 2003) . The use of sequential extractions, although more time consuming, furnishes detailed information about the origin, mode of occurrence, biological and physicochemical availability, mobilization and transport of trace metals (Tessier et al., 1979) . Among the numerous extraction schemes described in literature, the procedure of Tessier et al., (1979) is one of the most thoroughly researched and widely used procedures to evaluate the possible chemical association of metals in soils and sediments.
The soils around automobile waste dumpsites are considered to be contaminated by heavy metals since these waste dumpsites consist primarily of automobile and machine parts and scraps at various stages of corrosion, discarded motor batteries and tyres, cans, cables, etc.
The aim of the present study is to investigate the different chemical forms of Fe, Co, Ni and Mn in the soils around the automobile waste dumpsites and to assess the association and bioavailability of these metals and their environmental contamination risk between the different geochemical phases based on chemical speciation.
MATERIALS AND METHODS
The study Area: The study area located in the Northern part of the Niger Delta, South Central of Nigeria, lies within the coordinates of latitude 6 0 ,05 1 N to 6 0 16 1 N and longitude 6 0 07 1 E to 6 0 12 1 E. The undulating rugged sedimentary terrain with steep slopes marks the principal relief feature of the area. The mean annual rainfall in this area ranges between 2540-3500mm and temperature varies between 28 0 C to 33 0 C around March and 23 0 C -30 0 C around August. The area experiences an average industrialization and commercial activities and large population of automobiles attracts many mechanic workshops and automobile dumpsites.
Sampling and Analysis: Soil samples were collected from selected automobile waste dumpsites at depths of 0-15cm, 15-30cm, and 30-45cm, representing top soils, sub soils and bottom soils respectively. The soil samples were air-dried, homogenized by grinding, and filtered through a 2mm mesh sieve. They were then oven-dried at 105±0.5 0 C to a constant mass, cooled and stored in labelled plastic cans until analysis (Allen et al., 1974) .
The samples for atomic absorption spectroscopic analysis were digested using a mixture of 2ml 60% perchloric acid, 15ml nitric acid, and 1ml sulphuric acid (Burrell 1974) . For the chemical fractionation of the metals under study, the procedure of Tessier et al., (1979) was selected. In this method heavy metals, were separated into five operationally defined fractions: Exchangeable (F 1 ), bound to carbonate (F 2 ), bound to Fe-Mn oxide (F 3 ), bound to organic matter (F 4 ), and residual fraction (F 5 ),. 1g of the soil sample was weighed and extracted into five fractions as follows;
ii. F 1 : Exchangeable: The soil sample was extracted at room temperature for 1 hour with 8ml of 1M magnesium chloride solution at pH 7.0 with continuous agitation. The supernatant from each extraction step was removed with a pipette and analyzed for total metal concentrations using acetylene flame Atomic Absorption Spectrophotometer (Perkin Elmer Model Analyst 2002), fitted with deuterium lamp for background correction, following the procedure of Sakata (1983) . When continuous agitation was required, the samples were shaken lengthwise on a mechanical shaker at 265 oscillations per minute with a stroke of 8cm.
Heating of the samples was done using Al block heater. Standards for all metals were prepared for each extraction step in the same matrix as the extracting reagent to minimize matrix effects. Standard addition technique and background corrections using blanks were employed to overcome interferences. At least one duplicate and one spike sample was run for every two samples to verify the precision of the method. The spike recovery and the precision was found within 100 ± 10%.
Appropriate quality control measures and recovery study were carried out. All reagents used in this study were of pure analytical grade and were checked for possible trace metal contamination. All glasswares for metal analysis were previously soaked in 14% nitric acid (HNO 3 ) (v/v), for 24 hours to remove all entrained metals, washed with detergents and rinsed with deionized water.
RESULTS AND DISCUSSION
Tables 1-4 present the concentrations of the metals in various geochemical fractions of the soil while the percentage metals in the fractions are presented in Table 5 . The majority of iron in the soils was associated with the residual fraction, having the range from 22.89% to 36.76% with an average of 29.2%. This is consistent with the results of Horsfall and Spiff, (2005) ; Gupta and Chen, (1975) ; Ramos et al., (1994) ; Abeh et al., (2007) ; Segarra et al., (2008) . The residual fraction is considered the most stable, less reactive and less bioavailable since it is occluded within the crystal lattice layer of silicates and well crystallized oxide minerals (Abeh et al., 2007; Schawarzenbach et al., 1993) . The fraction can be taken as a guide to the degree of pollution of the soil. The smaller the percentages of the metal present in this fraction, the greater the pollution of the area (Horsfall and Spiff, 2005) . The high percentage of iron found in residual fraction is an important repository of iron in the soil. In sandy soil that contains little clay, iron oxide could be leached through the soil and impact ground water quality.
Organic fraction with iron content varied from 23.93% to 35.64% and an average of 28.45%, had next high average percentage of iron. High iron content (28.28%) in organic fraction has been reported (Urunmatsoma and Ikhuoria, 2005) . Organic compounds of heavy metals can be directly or indirectly introduced into soil through the formation of complexes and can be taken up by plants. Organic content is associated with the production of gas, and in sandy soil that contains little clay, organic matter and phosphate can leach through the soil and impact ground water (Urunmatsoma and Ikhuoria, 2005) .
Next in importance for iron content was Fe-Mn oxide fraction having the range between 12.90% and 24.76% with an average of 18.52%. This fraction could be considered relatively stable, slowly mobile and poorly available but could change with variations in redox conditions. It may become more soluble under reducing conditions and less so under oxidizing ones (Horsfall and Spiff, 2005 The concentrations of iron found in carbonate fraction varied from 10.53% to 19.95% with an average of 13.57%. The iron concentration reported here is in agreement with the result obtained by Abeh et al., (2007) . Low iron content in this fraction has been reported (Horsfall and Spiff, 2005; Urunmatsoma and Ikhuoria, 2005; Zhang et al., 1998) . The exchangeable fraction of iron ranged between 9.68% and 13.18% with an average of 11.61%. Low iron in exchangeable fraction has been reported (Horsfall and Spiff, 2005) . The carbonate and exchangeable fractions are released into solutions of low pH, which can be related to stomach conditions (Evans et al.,1992) . The association pattern of iron in the different phases were in the order residual > organic > Fe-Mn oxide > carbonate > exchangeable. (Gupta and Chen, 1975; Tessier and Campbell, 1980; Ma and Rao, 1997; Iwegbue, 2007; Abeh et al., 2007) , although high levels of soluble nickel were found in Kaolin soil (Reedy et al., 2001) . Tessier et al., 1979; Hickey and Kittrick 1984; Ryan et al. 2002; Kotoky et al. 2003; Horsfall and Spiff 2005; Egila and Nomyel (2002) . Segarra et al.,(2008) reported high levels of nickel in residual fraction. Norrish (1975) reported that nickel is commonly occluded by silicate during soil weathering. Nickel in Fe-Mn oxide fraction varied from 10.36% to 32.35% with an average of 19.67%. Hickey and Kittrick (1984) similarly reported significant amount of nickel in this fraction. Jenne (1968) had suggested that the levels of nickel in this fraction depend on how much Mn oxide is adsorbed in a given soil sample because Ni 2+ could substitute for surface manganese in mixed valence Mn oxides. Exchangeable nickel varied from 7.52% to 50.17% with an average of 18.67% while carbonate fraction nickel varied from 10.12% to 27.84% with an average of 16.44%. Similar levels of nickel in carbonate fraction were reported by Horsfall and Spiff, (2005) . Residual fraction contained the predominant species of manganese. The levels varied from 14.96% to 39.71% with an average of 24.43%. Relatively high level of manganese in residual fraction has been reported (Iwegbue, 2007; Horsfall and Spiff, 2005) . The association of manganese with residual fraction implies partitioning into trioctahedral clay and/or crystalline oxides (Ryan et al.,2002 (Abeh et al., 2007) . Though, this fraction may be considered relatively stable, it becomes more soluble under acidic conditions and less so under oxidizing conditions (Carot et al. 2002; Graham and Stangoulis, 2003) .
Organic fraction contained manganese in the range from 13.36 to 23.91% with an average of 19.38%. Similar results were reported by Horsfall and Spiff, 2005, and Abeh et al.,(2007) .
The exchangeable fraction of manganese ranged from 13.15% to 18.07% with an average of 15.56%. Similar association of manganese with exchangeable fraction has been reported (Pizzaro et al.,2003; Iwegbue, 2007; Abeh et al.,2007) . The relative percentage ranges in exchangeable and carbonate fractions suggest that manganese is (1) available on the exchange sites (2) possibly also present in the soluble carbonates such as cholomites which may occur in trace amounts and dissolve during the HOAc extraction (Iwegbue 2007) . The Mn 2+ ion is very soluble in water at pH less than 7 (Brooklin 1988; McBride, 1997) and given the pH range of these soils (4.9-7.4), soluble exchangeable Mn 2+ is likely.
The accuracy of the sequential extraction procedure was evaluated by comparing for the samples, the total metal content with the sum of the metal fractions extracted in the five fractions (Table 6) . The values are in close agreement showing some degree of accuracy in the sequential procedure used. 
Mobility Factors of the Metals in the Soil Profile
The operationally defined extraction sequence fractionates the heavy metals in the soil in order of decreasing solubility. As a result, the exchangeable and carbonate (F 1 + F 2 ) fractions which are the early fractions, capture the most reactive and presumably the most mobile and bioavailable fractions (Kersten and Forstner, 1989) .
The relative index of metal mobility was calculated as a mobility factor (MF) (Salbu et al, 1998; Narwal et al, 1999; Kabala and Singh, 2001) (Karczewska 1996; Ma and Rao 1997; Ahumuda et al. 1999; Narwal et al. 1999; Kabala and Singh 2001) .
The mobility factors (MF) of the metals for all the sites and soil depths are presented on studied revealed the geochemical nature of the four heavy metals and their probable association with different chemical forms in the soils around the automobile waste dumpsites. The results showed that the heavy metal concentrations found in the residual fraction was higher than those observed in any of the preceding extractions except in the case of cobalt where exchangeable fraction predominated and closely followed by residual fraction. The heavy metal fractionation results gave an overall picture that high percentage of the metals were found to be strongly bound to soil matrix i.e. in a form not readily available for introduction into the food chain except cobalt. This overwhelming importance of the residual fraction in this study illustrates clearly the difficulty of distinguishing between background and anomalous levels of heavy metal contamination when only total metal analyses are performed. The elatively high mobility factor observed in cobalt confirms the high liability, and biological availability of cobalt in some of the soils studied. The present study indicates that the metals studied do not pose environmental risks since the total metal concentration of cobalt which showed high liability and biological availability in this study was very low. Consequently the government can be encouraged to reclaim and utilize the sites for agricultural, residential, commercial or industrial purposes.
